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Reviewing the previous class

Stationarity arises when Module of
the roots from the characteristic
polynomial should be greater than 1.

If the process has unit root (with
multiplicity d) we just need to
differentiate the process d times to
get a stationary process.

An Integrated process is a non-
stationary process, which can be
transformed to a stationary process
by differentiating.

yt ∼ I(d)⇒ ∆dyt∼ I(0)
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Reviewing the previous class

ARIMA(p,d,q):
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Reviewing the previous class
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• ARDL, Heteroskedasticity, ARCH, GARCH, EWMA.

Lecture 4

ARDL models and 
introduction to volatility modeling
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Distributed lagged models
̶ If the model includes one or more lagged values of the dependent variable

among its explanatory variables, it is called an autorregressive model.
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Distributed lagged models
̶ In regression analysis with time series data, when the regression model

includes not only current values but also lagged (past) values of the
explanatory variables (the X’s), it is called a distributed lagged model.

̶ The coecient b0 is known as the short-run or impact multiplier because it
gives the change in the mean value of Y that follows a unit change in X in the
same period.
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Distributed lagged models
̶ If the change in X remains the same from the beginning, then (b0 + b1) gives

the change in (the mean value of) Y in the next period; (b0 + b1 + b2) in the
one that follows, and so on. These partial sums are denoted as interim, or
intermediate, multipliers X. Finally, after k periods we obtain the long-run or
total distributed lag multiplier:

̶ The partial sums of the standardized bi (𝛽̇i=bi/b) give the proportion of the
long-run, or total, impact felt during a certain period.
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Distributed lagged models
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Distributed lagged models
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Distributed lagged models
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Autoregresive distributed lagged models
̶ An autoregressive distributed lag model (ARDL) is a model that contains both 

independent variables and their lagged values as well as the lagged values of 
the dependent variable 

̶ ARDL(p,q):
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Selection model criteria: AIC
̶ Akaike Information Criteria

̶ The value of k that produces the minimum AIC represents the best model.
parameters.
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Selection model criteria: BIC
̶ Bayesian Information Criteria

̶ Simulation studies have verified that BIC is adequate to obtain the correct
order in large samples, while AICc tends to be superior in smaller samples
where the relative number of parameters is large.
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Forecasting performance

1. Mean Error,
2. MAE - Mean Absolute Error,
3. MSE - Mean Squared Error,
4. MIS - Mean Interval Score 
5. MPE - Mean Percentage Error
6. MAPE - Mean Absolute Percentage Error
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Volatility modelling
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Volatility modelling
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Volatility modelling
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ARCH type
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ARCH type
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GARCH type
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Example
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Example


